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NOVELTY - The method involves performing exposure while a cylindrical 
support 

(13), to which a photosensitive optical fiber (1 1 ) is spirally wound, is 
rotated on an axial line (ab) representing the rotation center. A mask (15) is 
moved to make a part of its diffraction grating (17) and part of the optical 
fiber pass through the radiation area (19) of an exposure light. DETAILED 
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DESCRIPTION - The mask and cylindrical support are arranged oppositely in 
which 

the diffraction grating of the mask is tangent to the wound optical fiber . 
INDEPENDENT CLAIMS are included for the following:the cylindrical support 
suitable for the optical fibenthe mask for exposure;and the optical fiber . 

USE - For e.g. optical fiber . 

ADVANTAGE - Exposes optical fiber in juxtaposition using the mask in which 
length arranges diffraction grating in parallel to the space equivalent to the 
volume section of the optical fiber . DESCRIPTION OF DRAWING(S) - The figure 
shows the explanatory drawing of the mask and its diffraction grating used in 
the manufacture. (11) Photosensitive optical fiber ; (13) Cylindrical support; 
(15) Mask; (17) Diffraction grating; (19) Radiation area; (ab) Axial line. 
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(54) MANUFACTURE OF FIBER GRATING, SUPPORT MEMBER, MASK AND OPTICAL FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a fiber grating which is longer 
than a diffraction grating by performing exposure while moving a mask 
and rotating a support member around its axis so that parts of the 
diffraction grating and parts of an optical fiber pass through an 
irradiation area of exposure light one after another. 
SOLUTION: The mask 15 and columnar support member 13 are set 
opposite to each other in such position relation that the length of the 
diffraction grating of the mask 15 is along the tangent of the exposure 
optical fiber 1 1 wound spirally around the columnar support member 
13. Then the movement of the mask 15 and the rotation of the 
columnar support member 13 around its axis (ab) are performed so 
that the parts of the diffraction grating along the length and the parts of 
the exposure optical fiber 1 1 wound around the columnar support 13 
pass through the irradiation area 19 of the exposure light one after 
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another respectively. Those movement and rotation are performed by necessary distance. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the manufacture approach of the fiber grating which exposes a photosensitive optical fiber through a mask 
with a diffraction grating, and forms the refractive-index modulation section in this optical fiber By physical 
relationship to which the photosensitive optical fiber is spirally twisted around cylinder-like supporter material, and the 
diffraction grating of said mask meets the tangent of this beam optical fiber with a volume So that said mask and said 
supporter material may be made to counter and the part of the following ** of said diffraction grating and the part of 
the following ** of the optical fiber currently wound around said supporter material may pass through the exposure 
field of exposure light The manufacture approach of the fiber grating characterized by carrying out said exposure while 
making migration of said mask and the revolution which makes the axis of said supporter material a center of rotation 
perform. 

[Claim 2] In the manufacture approach of a fiber grating according to claim 1 as said mask A mask with a diffraction 
grating with the width of face more than the width of face of the m roll part of said optical fiber rolled spirally and the 
die length beyond the distance L of the optical fiber which advances when carrying out one revolution of said supporter 
material a core [ the axis ] is prepared. By physical relationship to which the diffraction grating of this mask meets the 
tangent of said twisted optical fiber So that this mask and said supporter material may be made to counter and the part 
of the following ** of this diffraction grating and the part of the following ** of the optical fiber currently wound 
around said supporter material may pass through the exposure field of exposure light only for said distance L minutes 
The manufacture approach of the fiber grating characterized by carrying out said exposure while making migration of 
this mask and the revolution which makes the axis of said supporter material a center of rotation perform (however, m 
is two or more integers.) . 

[Claim 3] The manufacture approach of the fiber grating characterized by each consisting of the 1st with the chirp 
grating according to individual - the m-th diffraction grating as said diffraction grating serves as a chirp grating which 
was prepared as an object for optical fibers for said every m volumes, and which are the parallel 1st - the m-th 
diffraction grating mutually, and continues as these whole diffraction gratings in the manufacture approach of a fiber 
grating according to claim 2. 

[Claim 4] The manufacture approach of the fiber grating characterized by consisting of the 1st with [ are the parallel 1st 
- the m-th diffraction grating mutually, and ] a single period grating in each - the m-th diffraction grating for which said 
diffraction grating was prepared as an object for optical fibers for said every m volumes in the manufacture approach of 
a fiber grating according to claim 2. 

[Claim 5] The manufacture approach of the fiber grating characterized by having had the width of face more than the 
width of face of said m roll part, and said diffraction grating consisting of a diffraction grating of one apparatus and [ / 
the single period grating ] in the manufacture approach of a fiber grating according to claim 2. 
[Claim 6] In the manufacture approach of a fiber grating according to claim 1 as said mask The die length arranged at 
parallel with spacing equivalent to the s roll part of said optical fiber rolled spirally prepares a mask with two or more 
diffraction gratings more than sxL. By phy sical relationship to which the diffraction grating of this mask meets the 
tangent of said twisted optical fiber So that this mask and said supporter material may be made to counter and the part 
of the following ** of this diffraction grating and the part of the following ** of the optical fiber currently wound 
around said supporter material may pass through the exposure field of exposure light by the distance of said sxL The 
manufacture approach of the fiber grating characterized by carrying out said exposure while making migration of this 
mask and the revolution which makes the axis of said supporter material a center of rotation perform (however, L) the 
distance of the optical fiber which advances when carrying out one revolution of said supporter material a core [ the 
axis ], and s are two or more integers. . 

[Claim 7] It is the manufacture approach of the fiber grating characterized by said each of two or more diffraction 
gratings being diffraction gratings with a single period grating in the manufacture approach of a fiber grating according 
to claim 6. 

[Claim 8] It is the manufacture approach of the fiber grating characterized by each being a diffraction grating with the 



chirp grating according to individual so that it may become the chirp grating which said each of two or more diffraction 
gratings follow as these whole diffraction gratings in the manufacture approach of a fiber grating according to claim 6. 
. [Claim 9] In the manufacture approach of the fiber grating which exposes a photosensitive optical fiber through a mask 
with a diffraction grating, and forms the refractive-index modulation section in this optical fiber The photosensitive 
optical fiber is spirally twisted around cylinder-like supporter material. As said mask By physical relationship to which 
die length with a single period grating prepares a mask with the diffraction grating of X, and said diffraction grating 
meets the tangent of said twisted optical fiber said mask is countered with said optical fiber — making - the 1st and 2nd 
processings of the following after that - required-number ********* the manufacture approach of the fiber grating 
characterized by things. 

(a) So that the part of the following ** of this diffraction grating and the part of the following ** of the optical fiber 
currently wound around said supporter material may pass through the exposure field of exposure light by the die length 
of said diffraction grating 1st processing whose width of face to which ** also met said axis of said exposure field 
carries out said exposure where exposure light is extracted as becoming under the two optical fiber width of face to 
have wound around said spiral while performing migration of this mask and the revolution which makes the axis of 
said supporter material a center of rotation. 

(b) said — the - one — processing — having finished — after — said — exposure - a terminal point - a location — a 
passage - said - an axis - vertical - crossing - a segment - a center of rotation - ** - carrying out ~ said - a 
supporter - material - said - a mask - receiving - relative - 180 - a degree ~ rotating - making -- the - two - 
processing . 

[Claim 10] In the manufacture approach of the fiber grating which exposes a photosensitive optical fiber through a 
mask with a diffraction grating, and forms the refractive-index modulation section in this optical fiber The 
photosensitive optical fiber is spirally twisted around cylinder-like supporter material. As said mask It is the 1st - the 
m-th diffraction grating whose mutual die length is X and it has arranged to parallel mutually. Each prepares a mask 
with the 1st with the chirp grating according to individual - the m-th diffraction grating so that it may become the chirp 
grating which continues as these whole diffraction gratings. By physical relationship to which any one of said 1 st [ the ] 
- the m-th diffraction grating meets the tangent of said twisted optical fiber said mask is countered with said optical 
fiber - making — the 1st of the following after that - the 3rd processing - required-number ******** - the 
manufacture approach (however, the point of the sequence of the 2nd processing and the 3rd processing is sufficient as 
any.) of the fiber grating characterized by things . 

** So that the part of the following ** of this diffraction grating and the part of the following ** of the optical fiber 
currently wound around said supporter material may pass through the exposure field of exposure light by the die length 
of said diffraction grating 1st processing whose width of face to which ** also met said axis of said exposure field 
carries out said exposure where exposure light is extracted as becoming under the two optical fiber width of face to 
have wound around said spiral while performing migration of this mask and the revolution which makes the axis of 
said supporter material a center of rotation. 

** said - the — one ~ processing — having finished ~ after — said ~ exposure — a terminal point - a location — a 
passage — said — an axis — vertical - crossing - a segment — a center of rotation --**-- carrying out - said - a 
supporter - material - said - a mask - receiving - relative -- 180 - a degree - rotating — making - the - two - 
processing . 

** 3rd processing to which said mask and said supporter material are relatively moved so that the diffraction grating 
located next to [ which used for former exposure ] a diffraction grating may counter with said exposure termination 
location, after finishing said 1st processing. 

[Claim 1 1 ] Supporter material characterized by performing substantial nonreflective coating about the exposure light 
which is the supporter material of the shape of a cylinder with the spiral slot for twisting a photosensitive optical fiber 
spirally, and exposes said optical fiber on a front face. 

[Claim 12] Supporter material characterized by having made said tooth depth larger than said optical numerical 
aperture in supporter material according to claim 1 1 . 

[Claim 13] In the mask concerned used in order to expose a photosensitive optical fiber through a mask with a 
diffraction grating and to form the refractive-index modulation section in this optical fiber this volume when said 
diffraction grating twists said optical fiber around cylinder-like supporter material spirally — with the width of face 
more than the width of face of the m roll part of he ************ The mask characterized by considering as the 
diffraction grating with.the die length beyond the distance L of optical FAI which progresses when carrying out one 
revolution of said supporter material a core [ the axis ]. 

[Claim 14] The mask characterized by each consisting of the 1st with the chirp grating according to individual - the m- 
th diffraction grating as said diffraction grating serves as a chirp grating which was prepared as an object for optical 
fibers for said every m volumes, and which are the parallel 1st - the m-th diffraction grating mutually, and continues as 
these whole diffraction gratings in a mask according to claim 13. 



[Claim 15] The mask characterized by consisting of the 1st with [ are the parallel 1st - the m-th diffraction grating 
mutually, and ] a single period grating in each - the m-th diffraction grating for which said diffraction grating was 
prepared as an object for optical fibers for said every m volumes in a mask according to claim 13. 
[Claim 16] The mask characterized by having had the width of face more than the width of face W of said m roll part, 
and said diffraction grating consisting of a diffraction grating of one apparatus and [ / the single period grating ] in a 
mask according to claim 13. 

[Claim 17] It uses in order to expose a photosensitive optical fiber through a mask with a diffraction grating and to 
form the refractive-index modulation section in this optical fiber. Mask characterized by the die length arranged in the 
mask concerned at parallel with spacing of a s roll part when said diffraction grating twists said optical fiber around 
cylinder-like supporter material spirally consisting of two or more diffraction gratings more than sxL. 
[Claim 1 8] The mask characterized by said each of two or more diffraction gratings being diffraction gratings with a 
single period grating in a mask according to claim 17. 

[Claim 1 9] The mask characterized by each being a diffraction grating with the chirp grating according to individual so 
that said each of two or more diffraction gratings may serve as a chirp grating which continues as these whole 
diffraction gratings in a mask according to claim 17. 

[Claim 20] The optical filter characterized by having supporter material and the fiber grating spirally twisted around 
this supporter material. 

[Claim 21] The optical filter characterized by having the spiral slot for said supporter material twisting said fiber 
grating in the optical filter according to claim 20, and twisting said fiber grating along this slot. 
[Claim 22] The optical filter characterized by having made said tooth depth larger than said optical numerical aperture 
in an optical filter according to claim 21. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a fiber grating available as an optical 
filter etc., the supporter material of the suitable optical fiber for that operation and the mask for exposure, and the 
optical filter suitable for a miniaturization. 
[0002] 

[Description of the Prior Art] In the optical-communication field, the fiber grating is expected as 1 implementation 
means, such as a wavelength filter and a distributed compensator, (for example, reference 1 "application physics, 
volume [ 66th ] No. 1, the 33rd - 36th page"). A fiber grating performs periodic refractive-index change to the core of 
an optical fiber (for example, reference 1). A periodic refractive-index change (refractive-index modulation) can be 
formed for example, by the phase mask method (for example, refer to the above-mentioned reference 1 or reference 2 
"a U.S. Pat. No. 5367588 number"). 

[0003] By the phase mask method, ultraviolet-rays light is irradiated through a phase mask (henceforth a mask) at an 
optical fiber. A phase mask is the plate which can penetrate ultraviolet-rays light. Two or more crevices are formed in 
the front face of this plate. Each crevice is linearly arranged with predetermined spacing. Ultraviolet-rays light diffracts 
by these crevices. The reinforcement of the diffracted light can be strengthened in the location according to array 
spacing (pitch) of a crevice, or can be weakened. On the other hand, the core of an optical fiber is formed with the 
ingredient from which the refractive index changes with ultraviolet-rays light (such an optical fiber is called a 
photosensitive optical fiber.). Since the diffracted light mentioned above is irradiated to an optical fiber, it is formed in 
a core along the extension direction (a longitudinal direction, the waveguide direction of light) of an optical fiber, 
periodic refractive-index modulation, i.e., grating. 

[0004] An above-mentioned mask is formed by the manufacture approach currently indicated by reference 3 
"ELECTRONICS LETTERS 18th Mar 1993 Vol29 No.6." Moreover, what is necessary is just to make it the structure 
of the chirp grating currently indicated by the above-mentioned reference 1 to make large the reflected wave length 
band in a fiber grating. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the filter property of a fiber grating, for example, the surface 
smoothness of the top of a reflected wave length band or a reflectance spectrum etc., is dependent on the die length, 
i.e., the grating length, of a grating write-in field of a fiber grating. 

[0006] For example, when it constitutes a distributed compensator from a fiber grating, reflected wave length band 
**lambda is expressed with a degree type (1) (for example, reference 4 "the advanced electronics 1-16, an optical fiber 
and a fiber form device, Baifukan, and 1996.7.10", the 197th page). 
[0007] **lambda=2L/(C-D) ... (1) 

However, Notation L expresses grating length, Notation C expresses the rate of light and Notation D expresses the 
variance. 

[0008] When Variance D is set constant, the more the grating length L excels according to the top type (1), the more 
reflected wave length band **lambda spreads. However, the actual condition is that size of a phase mask is not made so 
greatly. Because, although processing within vacuum devices is needed for example, in order to form a phase mask, a 
comparatively big plate cannot be introduced in vacuum devices. Therefore, the grating length L cannot form so 
greatly. By the conventional approach, only the fiber grating of about at most 100mm grating length L was able to be 
formed. 

[0009] Therefore, an appearance of the approach that the fiber grating of grating length longer than 100mm can 
specifically be manufactured longer than before was desired. 

[0010] Moreover, when it constitutes an optical filter using this fiber grating after being able to manufacture the fiber 
grating of a long grating, an optical filter with the structure suitable for a miniaturization is desired. 



[0011] 

[Means for Solving the Problem] 

-(1) According to the manufacture approach of the fiber grating this invention, expose a photosensitive optical fiber 
through a mask with a diffraction grating, and twist the photosensitive optical fiber around cylinder-like supporter 
material spirally there in the manufacture approach of the fiber grating which forms the refractive-index modulation 
section in this optical fiber. Next, said mask and said supporter material are made to counter by physical relationship to 
which the diffraction grating of said mask meets the tangent of this beam optical fiber with a volume. And the part of 
the following ** of said diffraction grating and the part of the following ** of the optical fiber currently wound around 
said supporter material carry out said exposure, performing migration of said mask and the revolution which makes the 
axis of said supporter material a center of rotation so that it may pass through the exposure field of exposure light. 
[0012] According to this manufacture approach (the 1st manufacture approach is called hereafter.), as a mask A mask 
with a diffraction grating with the width of face more than the width of face of the m roll part of said optical fiber rolled 
spirally and the die length beyond the distance L of the optical fiber which advances when carrying out one revolution 
of said supporter material a core [ the axis ] is used. And the part of the following ** of said diffraction grating and the 
part of the following ** of the optical fiber currently wound around said supporter material can carry out said exposure 
only for said distance L minutes, performing migration of said mask and said revolution of said supporter material so 
that it may pass through the exposure field of exposure light. However, m is two or more integers. 
[0013] Therefore, exposure which minds a diffraction grating to each of each volume of the optical fiber of a m roll 
part is performed in juxtaposition. Therefore, the fiber grating of the die length of mxL can be formed. Therefore, 
according to this manufacture approach, die length can manufacture a fiber grating longer than it using the diffraction 
grating of L. Specifically, suppose that the longest diffraction grating which can be formed with the conventional 
technique was 100mm. According to invention of this 1st manufacture approach, a mask with a diffraction grating 
which arranged the diffraction grating with a die length [ this ] of 100mm in m duty juxtaposition can be used. 
Therefore, an mx 100mm fiber grating can be manufactured using the diffraction grating whose die length is 100mm. 
[0014] In this 1st manufacture approach, when the diffraction grating of the mask to be used is made into a single 
period grating, die length can manufacture the single period fiber grating of the die length of mxL using the diffraction 
grating of L. 

[0015] Moreover, they are the 1st [ parallel to each other who was prepared in this 1st manufacture approach 
considering the diffraction grating of the mask to be used as an object for optical fibers for said every m volumes ] - the 
m-th diffraction grating, the 1- with [ so that it might become the chirp grating which continues as these whole 
diffraction gratings ] the chirp grating according to individual in each, when it considers as the m-th diffraction-grating 
single period grating Die length can manufacture [ die length ] the chirp TOFA eve grating of mxL using the diffraction 
grating of L. 

[0016] In addition, in ****, it was explained that width of face of a diffraction grating was made into the width of face 
more than the width of face of the m roll part of an optical fiber, and the die length of a diffraction grating was made 
into the die length more than said L. It is because a diffraction grating equivalent to distance L is realizable if the angle 
of rotation of supporter material and the travel of a mask are controlled, respectively even if it makes the die length of a 
diffraction grating longer than Above L. However, it is more desirable to set the die length of a diffraction grating to L, 
when using a chirp grating as a diffraction grating. It is because the m-th connection of each chirp grating of the 1st - a 
diffraction grating becomes easy. 

[0017] Moreover, you may make it be a degree in implementation of this 1st manufacture approach. That is, the die 
length arranged as a mask for exposure at parallel with spacing equivalent to the s roll part of said optical fiber rolled 
spirally prepares a mask with two or more diffraction gratings more than sxL. Next, this mask and said supporter 
material are made to counter by physical relationship to which the diffraction grating of this mask meets the tangent of 
said twisted optical fiber. And it exposes, making migration of this mask and the revolution which makes the axis of 
said supporter material a center of rotation perform so that the part of the following ** of this diffraction grating and 
the part of the following ** of the optical fiber currently wound around said supporter material may pass through the 
exposure field of exposure light by the distance of said sxL. In this case, it is the optical fiber unit of a s roll part, and 
exposure is performed in juxtaposition. Therefore, die length can manufacture a two or more times as many fiber 
grating as that using the diffraction grating of sxL. 

[0018] (2) Moreover, also assert the following approaches (the 2nd manufacture approach is called) as the manufacture 
approach of a fiber grating in this application. 

[0019] That is, a photosensitive optical fiber is exposed through a mask with a diffraction grating, and the 
photosensitive optical fiber is spirally twisted around cylinder-like supporter material in the manufacture approach of 
the fiber grating which forms the refractive-index modulation section in this optical fiber. Moreover, die length with a 
single period grating prepares a mask with the diffraction grating of X as said mask. And by physical relationship to 
which said diffraction grating meets the tangent of said twisted optical fiber, said mask is made to counter with said 



optical fiber, and the required-number ******** approach is asserted for the following processings [ 1st and 2nd ] after 
that. 

- [0020] (a) So that the part of the following ** of this diffraction grating and the part of the following ** of the optical 
fiber currently wound around said supporter material may pass through the exposure field of exposure light by the die 
length of said diffraction grating 1st processing whose width of face to which ** also met said axis of said exposure 

"field carries out said exposure where exposure light is extracted as becoming under the two optical fiber width of face 
to have wound around said spiral while performing the revolution which makes migration of this mask and its axis of 
said supporter material a center of rotation. 

[0021] (b) said -- the -- one -- processing - having finished - after -- said -- exposure - a terminal point - a location 
a passage - said -- an axis - vertical - crossing - a segment -- a center of rotation --**-- carrying out - said -- a 
supporter -- material — said -- a mask — receiving — relative - 1 80 — a degree — rotating — making — the — two — 
processing . 

[0022] According to this 2nd manufacture approach, the 180-degree revolution mentioned above after finishing the 
exposure whose die length minds the diffraction grating of X is performed. For this reason, exposure of a part which 
appears in the degree of the optical fiber spirally wound around supporter material can be performed through the 
diffraction grating of this die-length X. For this reason, even if die length is the diffraction grating of X according to 
this 2nd manufacture approach, a single period fiber grating longer than it can be manufactured. 
[0023] (3) Moreover, also assert the following approaches (the 3rd manufacture approach is called) as the manufacture 
approach of a fiber grating in this application. 

[0024] That is, a photosensitive optical fiber is exposed through a mask with a diffraction grating, and the 
photosensitive optical fiber is spirally twisted around cylinder-like supporter material in the manufacture approach of 
the fiber grating which forms the refractive-index modulation section in this optical fiber. Moreover, as said mask, and 
it has arranged to parallel mutually, each prepares a mask with the 1st with the chirp grating according to individual - 
the m-th diffraction grating so that it may become the chirp grating which mutual die length is the 1st - the m-th 
diffraction grating which are X, and follows as these whole diffraction gratings. And by physical relationship to which 
any one of said 1st [ the ] - the m-th diffraction grating meets the tangent of said twisted optical fiber, said mask is 
made to counter with said optical fiber, and the required-number ******** approach is asserted for the following 1st - 
the 3rd processing after that. However, the point of the sequence of the 2nd processing and the 3rd processing is 
sufficient as any. 

[0025] ** So that the part of the following ** of this diffraction grating and the part of the following ** of the optical 
fiber currently wound around said supporter material may pass through the exposure field of exposure light by the die 
length of said diffraction grating 1st processing whose width of face to which ** also met said axis of said exposure 
field carries out said exposure where exposure light is extracted as becoming said under two optical fiber width of face 
to have wound spirally while performing migration of this mask and the revolution which makes the axis of said 
supporter material a center of rotation. 

[0026] ** said - the - one ~ processing - having finished ~ after - said — exposure - a terminal point - a location ~ 
a passage - said - an axis - vertical — crossing - a segment — a center of rotation --**-- carrying out — said ~ a 
supporter - material - said - a mask - receiving - relative - 180 - a degree ~ rotating - making - the ~ two - 
processing . 

[0027] ** 3rd processing to which said mask and said supporter material are relatively moved so that the diffraction 
grating located next to [ which used for former exposure ] a diffraction grating may counter with said exposure 
termination location, after finishing said 1st processing. 

[0028] According to this 3rd manufacture approach, 180-degree revolution mentioned above after finishing the 
exposure whose die length minds the diffraction grating of X, and relative migration of a mask and supporter material 
are performed. For this reason, exposure of a part which appears in the degree of the optical fiber spirally wound 
around supporter material can be performed in order using the 1st - the m-th diffraction grating. Die length is easy for 
each of the 1st - m-th diffraction grating to be the thing of X. For this reason, according to this 3rd manufacture 
approach, die length can manufacture a chirp TOFA eve grating longer than it using the diffraction grating of X. 
[0029] (4) moreover, the 1- above-mentioned in this application - assert the following supporter material as supporter 
material for enforcing the 3rd manufacture approach easily. 

[0030] That is, it is the supporter material on a cylinder with the spiral slot for twisting a photosensitive optical fiber 
spirally, and the supporter material to which substantial nonreflective coating about the exposure light which exposes 
said optical fiber on a front face is performed is asserted. 

[0031] above-mentioned the 1- in order to enforce the 3rd manufacture approach, it is necessary to twist a 
photosensitive optical fiber around supporter material by the predetermined lead angle spirally When such, according to 
the supporter material of this invention, the above-mentioned volume attachment can be realized easily. 
[0032] Furthermore, this supporter material has performed predetermined nonreflective coating. Therefore, the 



reflected light which does not contribute to formation of a periodic refractive-index modulation can be lost 
substantially. 

[0033] In addition, in inventing supporter material, it is suitable to make said tooth depth larger than said 
photosensitive optical numerical aperture. If it carries out like this, it can prevent a photosensitive optical fiber and a 
mask contacting. Therefore, protection of a mask and an optical fiber can be aimed at. Moreover, since it is hard 
coming to overflow a photosensitive optical fiber fang furrow, volume attachment of a request can be performed more 
to fitness. 

[0034] (5) Moreover, assert the optical filter equipped with supporter material and the fiber grating spirally twisted 
around this supporter material in this application. 

[0035] According to this optical filter, the optical filter which can contain a long fiber grating in a compact is 
realizable. Therefore, in order to realize properties, such as a reflected wave length band and the surface smoothness of 
the top of a reflectance spectrum, even when it constitutes the optical filter using a long fiber grating, it is easy to attain 
the miniaturization. 

[0036] The supporter material to be used is taken as the thing of the configuration which is a long and slender 
configuration and is easy to twist a fiber grating preferably. Cylinder-like supporter material and multiple column-like 
supporter material are desirable as supporter material to be used. 

[0037] Moreover, in inventing this optical filter, it is suitable to use the supporter material equipped with the spiral slot 
for twisting said fiber grating as said supporter material. It is because said fiber grating can be twisted along this slot if 
it carries out like this, so the advantage of being able to perform positioning of a fiber grating and immobilization easily 
is acquired. 

[0038] In addition, the spiral tooth depth prepared in supporter material will not be limited especially if it is the depth 
which can perform positioning and immobilization of a fiber grating. However, if this tooth depth is made deeper than 
the diameter of a fiber grating, the optical filter of structure with which the fiber grating hid in supporter material is 
realizable. It is it easy to aim at protection of a fiber grating that a fiber grating is the structure which hid in supporter 
material. Furthermore, since tubed covering which connotes supporter material can be mounted for example, the 
advantage that sheathing of an optical filter can be completed easily etc. is acquired. 
[0039] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, it explains per gestalt of implementation of this 
invention. In addition, each drawing used for explanation has shown structure, magnitude, and arrangement relation 
roughly to extent which can understand this invention. Moreover, conditions and ingredients, such as a numeric value 
indicated below, are only mere examples. Therefore, this invention is not limited to the gestalt of this operation at all. 
Moreover, in each drawing, the same number is attached and shown about the same constituent, and the overlapping 
explanation is omitted. 

[0040] 1. Explain per gestalt of implementation of the 1st manufacture approach of the explanation fiber grating of the 
1st manufacture approach. First, the photosensitive optical fiber 1 1 and the supporter material 13 are explained. 
Drawing 1 is drawing which explains the condition of having twisted the photosensitive optical fiber 1 1 around 
cylinder-like the supporter material 13 and this supporter material 13, respectively. 

[0041] As a photosensitive optical fiber 1 1, the photosensitive optical fiber called SMF28 (trade name) by Corning, 
Inc. is used. Of course, other photosensitive optical fibers may be used. 

[0042] The enveloping layer (not shown) of the photosensitive optical fiber 1 1 is removed beforehand, and a cladding 
layer is exposed. Exfoliation of an enveloping layer can be performed by it being immersed in a dichloroethane in the 
fiber itself, using fixtures, such as for example, a fiber stripper, and dissolving an enveloping layer. In addition, 
exfoliation of an enveloping layer may be performed in the state of a photosensitive optical fiber simple substance, and 
it is to the supporter material 13. You may carry out, after twisting an optical fiber 1 1 . 

[0043] The supporter material 13 has spiral slot 13a with a predetermined lead angle. A lead angle is the angle theta 
with a flat surface vertical to the tangent M of spiral slot 13a (refer to drawing 1 ), and the axis ab of the supporter 
material 13 to make (refer to drawing 1 ). 

[0044] Coating (not shown) from which the front face of this supporter material 13 becomes nonreflective substantially 
to the exposure light for fiber grating manufacture has been performed. This coating is approaches, such as carrying out 
baking finish of the black coating to the front face of the supporter material 13, and can be realized. 
[0045] The width of face w of spiral slot 13a and depth d will be made with arbitration, if (referring to drawing 2 ) and 
positioning of the photosensitive optical fiber 1 1 can be performed. However, let width of face of slot 13a preferably be 
the diameter (diameter also including an enveloping layer) of an optical fiber 1 1 about. Moreover, let the depth of slot 
13a preferably be the value of the range below a diameter more greatly than the one half of an optical numerical 
aperture. For example, if the diameter of an optical fiber 1 1 is 125 micrometers, width of face of slot 13a will be set to 
120-130 micrometers, and the depth of slot 13a will be set to 60-120 micrometers. Drawing 2 (A) is drawing having 
shown the relation of such a slot 1 3a and an optical fiber 11. 



[0046] In addition, when an optical fiber 1 1 and a mask (refer to drawing 3 ) want to reduce risk of contacting directly, 
the depth of slot 13a is made into a bigger value than the diameter of an optical fiber 1 1 . Drawing 2 (B) is drawing 
having shown the relation of such a slot 1 3a and an optical fiber 11. 

[0047] An optical fiber 1 1 is twisted around the supporter material 13, putting an optical fiber 1 1 into such spiral slot 
13a. The die length (the die length to P1-P2 of drawing 1 ) of the one-roll part of the twisted optical fiber 1 1 is set to L. 
* That is, the distance to which an optical fiber 1 1 progresses when carrying out one revolution of supporter material 13 
by making the axis ab into a center of rotation is set to L. 

[0048] Next, the mask for exposure is explained. Drawing 3 is a top view explaining an example of this mask 15. 
[0049] It constitutes from a diffraction grating 17 which formed the mask 15 in transparent substrate 15a and this 
substrate to exposure light in this case. 

[0050] Substrate 15a consists of arbitrary suitable substrates, such as for example, a synthetic quartz substrate. 
[005 1 ] it has carried out to more than the width of face (this width of face ~ being the same .) of the m roll part of the 
optical fiber 13 around which the width of face W0 which met the axis ab (refer to drawing 1 ) of the supporter material 
13 of a diffraction grating 17 was spirally wound by the supporter material 13. And in the case of the die length beyond 
said distance L, and the gestalt of this operation, the die length of this diffraction grating 17 is set to the same die- 
length L as said distance L. 

[0052] And the diffraction gratings 17 in the case of the gestalt of this operation are the 1st [ parallel to each other who 
was prepared as an object for optical fibers for every volume of the optical fiber 1 1 rolled spirally ] - the m-th 
diffraction grating 17a- 17m, and each consists of the 1st of die-length L - the m-th diffraction grating 17a- 17m. Here, 
each volume will be an one-roll part when carrying out one revolution of supporter material 13 by making the axis ab 
into a center of rotation, and if it says by drawing 1 , it will be a part which corresponds between PI - P2. 
[0053] the 1st - the m-th diffraction grating 17 - a- 17m, each has the chirp grating according to individual so that it 
may become the chirp grating which continues as these whole diffraction gratings. Specifically, 1st diffraction-grating 
17a consists of n parts of 17al-17an. However, n is the integer of arbitration. And the 1st part 17al is made into the 
structure in which die length repeated the periodic structure of lambda 1 once [ S ] . Moreover, the 2nd part 1 7a2 is 
made into the structure in which die length repeated the periodic structure of lambda 2 (lambda Klambda2) twice [ S ]. 
Moreover, as for n-th partial 17an, die length is made into Sn time repeat ****** in the periodic structure of lambdan 
(lambdan-Klambdan). Sl-Sn may be the same, or may differ from each other. 

[0054] Each above-mentioned periodic structure is made into the structure which put a crevice and heights in a row as 
usual so that die length might serve as a rate of 1 to 1. This periodic structure changes in order the die length of the 
following and periodic structure which can be formed with a well-known lithography technique and an etching 
technique, and constitutes the 2nd diffraction-grating 17b - the 17m of the m-th diffraction grating, respectively. 
[0055] the 1st - the m-th diffraction grating 17 - each width of face wl-wm is made into more than the two-roll part 
and fiber of the optical fiber rolled spirally, and narrow width of face which does not counter a- 17m. 
[0056] Next, arrangement with a mask 15 considers as the supporter material 13 around which the optical fiber 1 1 is 
wound spirally, and these handling and the procedure of exposure are explained the direction. Drawing 4 R> 4 is the 
explanatory view. 

[0057] A mask 15 and this supporter material 13 are made to counter by physical relationship to which the longitudinal 
direction of the diffraction grating 17 of a mask 15 meets the tangent (it is the same as M of drawing 1 ) of the optical 
fiber 1 1 spirally twisted around the supporter material 13 (refer to the top view of drawing 4 ). And the amount of [ of 
the longitudinal direction of a diffraction grating 17 / one ] edge is made to counter with the supporter material 13. 
[0058] When making the amount of [ of a diffraction grating 17 / one ] edge counter supporter material, in addition, in 
the example of drawing 4 How to make it PI and P2 which were shown in the right end of the mask 15 in drawing 3 
become the location of the exposure field 19 in drawing 4 , Or it is good also as any of the approach P3 and P4 which 
were made to rotate the mask 15 in drawing 3 180 degrees within space, and were shown in the left end of the mask 15 
in drawing 3 become the location of the exposure field 19 in drawing 4 . A chirp TOFA eve grating is obtained very as 
a result in which approach. 

[0059] Next, the part of the following ** of the longitudinal direction of a diffraction grating 17 and the part of the 
following ** of the optical fiber 1 1 currently wound around the supporter material 13 perform the revolution to which 
migration of a mask 15 and its axis ab of the supporter material 13 are made into a center of rotation so that it may pass 
through the exposure field 19 of exposure light. And the part of the following ** of the longitudinal direction of a 
diffraction grating 17 and the part of the following ** of the optical fiber 1 1 currently wound around the supporter 
material 13 perform these migration and a revolution only for distance L minutes mentioned above so that it may pass 
through the exposure field 19. And an optical fiber 1 1 is exposed through a mask 15, carrying out such migration and a 
revolution. 

[0060] What is necessary is to carry out the parallel displacement of the mask 15 in the direction of drawing Nakamigi, 
and just to rotate the supporter material 13 in the direction of an arrow head of drawing by making the axis ab into a 



center of rotation the case from the initial state of the top view of drawing 4 , in order to make it the part of the 
following ** of the longitudinal direction of a diffraction grating 17 and the part of the following ** of the optical fiber 
- 1 1 currently wound around the supporter material 13 pass through the exposure field 19 (RRC). However, mask 
migration equipment (not shown) and a supporter material slewing gear (not shown) are synchronized so that the 
distance to which a diffraction grating 17 progresses by moving a mask 15, and the distance to which an optical fiber 
1 1 progresses by rotating the supporter material 13 may become the same. 

[0061] In addition, let width of face Wx of the direction which meets the axis ab of the supporter material 13 of the 
exposure field 19 of exposure light be the width of face more than the width of face of a m optical fiber part. 
[0062] Optical system for carrying out the above-mentioned exposure is made with arbitrary suitable optical system. 
The gestalt of this operation constitutes from a laser light source 21, the attenuator 23, the mirror 25, the beam 
expander 27, and the cylindrical lens 29. 

[0063] As a laser light source 21, the KrF excimer laser by the lambda physics company is used. A beam diameter can 
extend the laser beam which came out of the laser light source 21 with the beam expander 27. Furthermore, it becomes 
the light which shows the desired exposure field 19 mentioned above by the cylindrical lens. 
[0064] If migration of a mask 15 and the revolution of the supporter material 13 around which the optical fiber 1 1 is 
wound are performed like the above, each volume part of the optical fiber rolled spirally will be exposed by the laser 
beam in juxtaposition through the diffraction grating to which it corresponds of the 1st - the m-th diffraction grating 
17a- 17m. Therefore, since the diffraction fringe which consists of the 1st - the m-th diffraction grating is irradiated at 
once by the optical fiber 1 1, the chirp grating to lambda 1 - lambdamn is formed on an optical fiber 11. Therefore, 
although die length uses the diffraction grating of L, die length can manufacture the chirp TOFA eve grating of mxL. 
Drawing 5 is drawing having shown typically the chirp TOFA eve grating 30 manufactured in this way. 
[0065] In addition, since nonreflective coating has been performed as mentioned above in the front face of the 
supporter material 13, extent in which exposure light is reflected by the supporter material 13 in the above-mentioned 
exposure process can be reduced. Therefore, it can prevent that a useless refractive-index change arises on an optical 
fiber by the light reflected on the front face of the supporter material 13. 

[0066] Moreover, by the manufacture approach of this invention, since it can work where an optical fiber is twisted 
around supporter material, the effectiveness that the handling from the production process of a fiber grating to the 
process which obtains, the target component, for example, wavelength filter, becomes easy is also acquired. Moreover, 
where supporter material and an optical fiber are made into one, also carrying out packaging and the effectiveness of 
being possible are acquired. 

[0067] In addition, in ****, although the example which manufactures a chirp TOFA eve grating was explained, also 
when manufacturing a single period fiber grating, of course, the above-mentioned manufacture approach can be 
applied, in that case, the 1st of the mask explained using drawing 3 - the m-th diffraction grating 17 - what is necessary 
is just to change each into a single period grating a- 17m What is necessary is just to specifically make the periodic 
structure lambda 1 - lambdamn into the same structure. 

[0068] Moreover, when manufacturing a single period fiber grating, as the diffraction grating 17 was shown in drawing 

6 , without dividing into the 1st - the m-th diffraction grating 17a- 17m, it had the width of face more than the width of 
face of a m roll part, and the diffraction grating of one apparatus may be used. If it carries out like this, compared with 
the case where it divides into the 1st - the m-th diffraction grating, it will be thought that structure of a mask is only 
made in between. 

[0069] Moreover, in ***.*, the example which any one of the 1st - the m-th diffraction grating is made to counter for 
every roll of the optical fiber spirally wound around supporter material was explained. However, as shown in drawing 

7 , the die length arranged at parallel with spacing equivalent to the s roll part of the optical fiber 1 1 spirally wound 
around the supporter material 13 prepares the mask 171 with two or more diffraction gratings 1 7 1 a- 1 7 1 j more than sxL. 
Next, this mask 171 and the supporter material 13 are made to counter by physical relationship to which the diffraction 
grating of this mask 171 meets the tangent of the twisted optical fiber 11. And you may expose, making migration of 
this mask and the revolution which makes the axis of said supporter material a center of rotation perform so that the 
part of the following ** of this diffraction grating and the part of the following ** of the optical fiber currently wound 
around said supporter material may pass through the exposure field of exposure light by the distance of said sxL. What 
is necessary is for the same procedure just to perform revolution of the supporter material 13, and migration of a mask 
171 with having explained using drawing 4 . 

[0070] Since juxtaposition-exposure can be performed to two or more roll part of the optical fiber spirally rolled also in 
such a case, a fiber grating longer than the die length of a diffraction grating can be manufactured. 
[0071] 2. In explanation **** of the 2nd manufacture approach, it is the same as the one optical fiber die length for the 
die length of a diffraction grating to have wound spirally, or ( drawing 3 ) the manufacture approach in an example 
( drawing 7 ) longer than it was explained. However, when the bending possible radius which can be bent without 
damaging an optical fiber is small, it will be necessary to use what has a big diameter as cylinder-like supporter 



material 13. Then, the die length of a diffraction grating may become shorter than the one optical fiber die length to 
have wound spirally. In such a case, desired fiber GURETINGU cannot be manufactured by the 1st above-mentioned 
- manufacture approach. This 2nd manufacture approach is the manufacture approach of the fiber grating which took 
those measures. 

[0072] Drawing 8 is drawing explaining the mask 31 used by the 2nd manufacture approach, and the structure of 
photosensitive optical fiber 1 1 grade. Moreover, drawing 9 and drawing 10 are production process drawings. 
[0073] The photosensitive optical fiber 1 1 is spirally twisted around the cylinder-like supporter material 13. However, 
the enveloping layer (not shown) of an optical fiber 1 1 removes, and exposes a cladding layer. Moreover, die length 
with a single period grating prepares the mask 3 1 with the diffraction grating 33 of X as a mask 3 1 . 
[0074] Next, said mask 3 1 is made to counter the tangent of said optical fiber spirally twisted around the supporter 
material 1 3 with said optical fiber 1 1 by physical relationship which the longitudinal direction of said diffraction 
grating 33 meets, as shown in drawing 9 (A). A mask 3 1 is made to counter with an optical fiber 1 1 so that the end of 
** of a diffraction grating 33 may correspond with the location of the exposure field (beam 35) of exposure light. 
[0075] However, it is made for the width of face which met said axis of the field (exposure field) which irradiates 
exposure light to become under the two optical fiber width of face to have wound spirally. That is, the path of the beam 
35 of exposure light is made into a little larger extent than the diameter of an optical fiber 11. What is necessary is just 
to use the optical system which removed the beam expander 27 from the optical system explained using drawing 4 , in 
order to obtain such a beam. 

[0076] Next, by die-length X of a diffraction grating 33, the part of the following ** of a diffraction grating 33 and the 
part of the following ** of the optical fiber 1 1 currently wound around the supporter material 13 perform the revolution 
to which migration of a mask 31 and the axis ab of the supporter material 13 are made into a center of rotation so that it 
may pass through an exposure field (field where a beam 35 hits). These migration and a revolution move to the left 
from the right of drawing 9 (A) about a mask 31, and make it rotate in the direction which gave the arrow head to 
drawing 9 (A) by making Axis ab into a center of rotation about the supporter material 1 3 in the case of this example 
(RRC). 

[0077] a mask - 31 - migration - and - a supporter - material - 13 - a revolution - above - having carried out - 
after - exposure - a terminal point - a location - P (refer to drawing 9 (B)) - a passage - said ~ an axis - ab - 
vertical — crossing - a segment - a center of rotation ~ ** -- carrying out — a supporter — material — 13 — a mask — 
3 1 - receiving - relative — 1 80 — a degree - rotating ~ making ( drawing 10 (A)) . 

[0078] Next, the revolution which makes migration of a mask 31 and the axis ab of the supporter material 13 a center 
of rotation is performed so that the part of the following ** of a diffraction grating 33 and the new part of the following 
** of the optical fiber 1 1 currently wound around the supporter material 13 may counter one after another by die-length 
X of a diffraction grating 33 ( drawing 10 (B)). These migration and a revolution move to the right from the left of 
drawing 10 (B) about a mask 31, and make it rotate in the direction of the arrow head in drawing by making Axis ba 
into a center of rotation about the supporter material 13 in the case of this example (RLC). 

[0079] Die length can expose the part of the following ** of an optical fiber for such actuation with required-number 
******** using one diffraction grating of X. Therefore, the single period fiber grating of die length longer than this 
diffraction grating can be manufactured. 

[0080] 3. Explain the gestalt of implementation of explanation of the 3rd manufacture approach, next the 3rd 
manufacture approach. This 3rd manufacture approach is an especially suitable approach for manufacture of a chirp 
TOFA eve grating. Drawing 1 1 - drawing 13 are the explanatory view. The top view, drawing 12 , and drawing 13 
drawing 1 1 mainly explains a mask 41 and a diffraction grating 43 to be are production process drawing of a fiber 
grating. 

[0081] The optical fiber 1 1 is spirally twisted around the supporter material 13 like the gestalt of old operation. 
[0082] Moreover, a mask with the 1st which was shown in drawing 1 1 and which has been mutually arranged to 
parallel like - the m-th diffraction grating 43a-43m is prepared as a mask 41. the 1st - the m-th diffraction grating 43 - 
each is made under into the width of face of the two-roll part of the optical fiber around which die length is X and 
width of face was wound spirally a-43m. ** - these diffraction gratings 43 - each has the chirp grating according to 
individual so that it may become the chirp grating which continues as a whole a-43m. 

[0083] Fundamentally, the 1st - the m-th diffraction grating 43a-43m are the same as the diffraction gratings 17a- 17m 
explained with the gestalt of implementation of the 1st manufacture approach, and are good. However, it has changed 
compared with the case of the 1st invention of the list condition of periodic structure. 
[0084] Specifically, 1st diffraction-grating 43a consists of n parts of 43al-43an. However, n is the integer of 
arbitration. And the 1st part 43 a 1 is made into the structure in which die length repeated the periodic structure of 
lambda 1 once [ S ]. The 2nd part 43a2 is made into the structure in which die length repeated the periodic structure of 
lambda 2 (lambda Klambda2) twice [ S ]. As for n-th partial 43 an, die length is made into Sn time repeat ****** in the 
periodic structure of lambdan (lambdan-Mambdan). Sl-Sn may be the same, or may differ from each other. 



[0085] Moreover, 2nd diffraction-grating 43b consists of n parts of 43bl-43bn. However, n is the integer of arbitration. 
And n-th partial 43bn is made into the structure in which die length repeated the periodic structure of lambdan+1 once 
[ Sn+ ]. The n-lst partial 43bn-l are made into the structure in which die length repeated the periodic structure of 
lambdan+2 twice [ Sn+ ]. The 1st part 43b 1 is made into the structure which repeated the periodic structure where die 
length was lambda2n. That is, if each diffraction gratings 43a-43m are followed to zigzag as the 1st diffraction grating 
is followed at a right end from a left end, next 2nd diffraction-grating 43b is followed at a left end from a right end, 
periodic structure is arranged so that it may become the array of a chirp grating. 

[0086] Next, said mask 41 is made to counter the tangent of said optical fiber spirally twisted around the supporter 
material 13 with said optical fiber 1 1 by physical relationship which the longitudinal direction of said diffraction rank 
43a meets, as shown in drawing 12 (A). A mask 41 is made to counter with an optical fiber 1 1 so that the end of ** of 
diffraction-grating 43a may correspond with the location of the beam 35 of exposure light. 

[0087] Next, by die-length X of a diffraction grating 43, the part of the following ** of a diffraction grating 43 and the 
part of the following ** of the optical fiber 1 1 currently wound around the supporter material 13 perform the revolution 
to which migration of a mask 41 and the axis ab of the supporter material 13 are made into a center of rotation so that it 
may pass through the location of a beam 35. These migration and a revolution move to the left from the right of 
drawing 1212 (A) about a mask 41, and make it rotate in the direction shown by the drawing Nakaya mark by making 
Axis ab into a center of rotation about the supporter material 13 in the case of this example (RRC). 
[0088] a mask ~ 41 - migration - and - a supporter - material — 13 — a revolution - above - having carried out - 
after -- exposure — a terminal point - a location ~ P (refer to drawing 12 (B)) - a passage - said - an axis - ab - 
vertical — crossing — a segment — a center of rotation — ** — carrying out — a supporter ~ material — 13 — a mask — 
41 — receiving— relative — 180 — a degree ~ rotating - making ( drawing 12 (C), drawing 13 (A)) . 
[0089] Next, it is the direction (it is made to move to drawing 13 (B)) of y relatively about a mask 41 and the supporter 
material 13 so that 2nd diffraction-grating 43b may counter with said exposure termination location P of an optical 
fiber 1 1 in the diffraction grating located next to [ which used for exposure until now ] diffraction-grating 43a, i.e., this 
case. 

[0090] Next, by die-length X of diffraction-grating 43b, the part of the following ** of diffraction-grating 43b and the 
part of the following ** of the optical fiber 1 1 currently wound around the supporter material 13 perform the revolution 
which makes migration of a mask 41 and the axis ba of the supporter material 13 a center of rotation so that it may pass 
through the location of a beam 35. These migration and a revolution move to the right from the left of drawing 13 (B) 
about a mask 41, and make it rotate in the direction of the arrow head of drawing 13 (B) by making Axis ba into a 
center of rotation about the supporter material 13 in the case of this example. 

[0091] The new part of the following ** of an optical fiber can be exposed for such actuation with required-number 
********, using the 1st - the m-th diffraction grating 43a-43m one after another. For this reason, die length can 
manufacture the chirp TOF A eve grating of die length longer than this diffraction grating using the diffraction grating 
ofX. 

[0092] In addition, this 3rd manufacture approach can be applied also when manufacturing a single period fiber grating, 
in that case, the 1st - the m-th diffraction grating 43 - each is changed into a single period grating a-43m. That is, the 
periodic structure lambda 1 - lambdamn are made into the same structure. 
[0093] 

[Effect of the Invention] According to the manufacture approach of the fiber grating this invention, the photosensitive 
optical fiber is spirally twisted around cylinder-like supporter material. And a mask and supporter material are made to 
counter by physical relationship to which the diffraction grating of the mask for exposure meets the tangent of this 
beam optical fiber with a volume. And an optical fiber is exposed through a mask, performing migration of said mask 
and the revolution which makes the axis of said supporter material a center of rotation so that the part of the following 
** of a diffraction grating and the part of the following ** of the optical fiber currently wound around supporter 
material may pass through the exposure field of exposure light. 

[0094] Therefore, die length can expose a m optical fiber part to juxtaposition using a mask with the diffraction grating 
of L with the width of face more than the width of face of a m optical fiber part. Die length can manufacture [ die 
length ] the fiber grating of mxL by the diffraction grating of L in such a case. 

[0095] Moreover, die length can expose an optical fiber in juxtaposition using the mask which has arranged the 
diffraction grating of sxL to parallel with spacing equivalent to the s roll part of an optical fiber. Die length can 
manufacture the fiber grating it is two or more times [ the ] whose die length of this by the diffraction grating of sxL in 
such a case. 

[0096] Moreover, die length is exposed by die-length X using the diffraction grating of X to the optical fiber spirally 
wound around supporter material, the relative location of supporter material and a diffraction grating is changed 1 80 
degrees after that, and the approach (the 2nd, the 3rd manufacture approach) of exposing a part for die-length X again 
can also be taken. Also in such a case, die length can manufacture a fiber grating with die length longer than X by the 



diffraction grating of X. 

[0097] Therefore, according to each manufacture approach of this application, a fiber grating longer than the die length 
, of a diffraction grating can be manufactured easily. 

[0098] Moreover, according to each manufacture approach of the fiber grating this application, the effectiveness that 
the optical filter equipped with supporter material and the fiber grating spirally twisted around this supporter material 
can be manufactured easily is also acquired further. 

[0099] Moreover, according to invention of the optical filter of this application, it has supporter material and the fiber 
grating spirally twisted around this supporter material. Therefore, in order to realize properties, such as a reflected wave 
length band and the surface smoothness of the top of a reflectance spectrum, even when it constitutes the optical filter 
using a long fiber grating, it is easy to attain the miniaturization. 



[Translation done.] 
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* NOTICES * 



-JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

T.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view of a photosensitive optical fiber and supporter material. 
[Drawing 2] It is the explanatory view of the spiral slot established in supporter material. 

[Drawing 3] They are the mask used with the gestalt of implementation of the 1st manufacture approach, and the 
explanatory view of a diffraction grating. 

[Drawing 4] It is the explanatory view of the physical relationship of a mask and supporter material. 

[Drawing 5] It is the explanatory view of the fiber grating manufactured by the manufacture approach of this invention. 

[Drawing 6] It is the explanatory view of the 1st modification of the 1st manufacture approach. 

[Drawing 7] It is the explanatory view of the 2nd modification of the 1 st manufacture approach. 

[Drawing 8] They are explanatory views, such as a mask used by the 2nd manufacture approach. 

[Drawing 9] It is process drawing of the gestalt of implementation of the 2nd manufacture approach. 

[Drawing 10] It is process drawing following drawing 9 of the gestalt of implementation of the 2nd manufacture 

approach. 

[Drawing 11] It is drawing explaining the mask used by the 3rd manufacture approach, and a diffraction grating. 
[Drawing 12] It is process drawing of the gestalt of implementation of the 3rd manufacture approach. 
[Drawing 13] It is process drawing following drawing 12 of the gestalt of implementation of the 3rd manufacture 
approach. 

[Description of Notations] 

1 1 : A photosensitive optical fiber 

13: Cylinder-like supporter material 

13a: A spiral slot 

15: Mask 

17: Diffraction grating 

17a- 17m: The 1st - the m-th diffraction grating 
19: The exposure field of exposure light 
31: Mask . 

33: The diffraction grating of die-length X 
35: The exposure field of exposure light (beam) 
P: Exposure termination location 
41: Mask 

43a-43m: The 1st - the m-th diffraction grating 
171: Mask 

1 7 1 a- 1 7 1 j : Diffraction grating 



[Translation done.] 
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